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▼To facilitate the isolation of extrachromosomal circular
DNAmolecules (extrachromosomal elements, EEs) from tis-
sue culture cells, we have adapted the Hirt protocol (Ref. 1),
which was originally designed to isolate polyoma virus par-
ticles. Such preparations of EEs are frequently contaminated
with varying amounts of genomic DNA and/or apoptotic
DNA fragments (Ref. 2). To address this problem, Gaubatz
and Flores describe the use of exonuclease III treatment
of the samples, because this enzyme removes linear DNA
molecules in these preparations (Ref. 3). However, exonu-
clease III also digests open and nicked circular extrachromo-
somal DNA molecules. Thus, this procedure can eliminate
some of the EEs, and interfere with obtaining a true repre-
sentative analysis of the total population of EEs in a cell.
To circumvent this problem, we have designed a method
of analysis of EEs that allows their representative examina-
tion using fluorescent in situ hybridization (FISH), which
we have termed FISH-EEs. The general advantages of FISH-
EEs as described here are: (1) it allows the analysis of total
heterogenous population of EEs in cell lines using the Hirt
procedure (Ref. 1); (2) it generates libraries of EEs DNA from
target cells; (3) it allows the examination of genes involved
in genomic instability; (4) it is fast, reproducible and gives a
complete representation of EEs and their genomic informa-
tion in cell lines, allowing the adaptation to tumor samples;
and (5) it does not require the use of exonuclease III.
In the present work, we have chosen genes that are
frequently found on EEs due to MYC (also known as
c-Myc) deregulation in the cells, such as dihyrofolate re-
ductase (DHFR), ribonucleotide reductase R2 and cyclin D2
(Ref. 4, 5, 6 and T. I. Kuschak et al., unpublished). Cyclin
C has been used as negative control, because it appears to
be genomically stable, irrespective of MYC protein levels
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(Ref. 5). We have also included COLO320DM as a positive
control, which has constitutive MYC upregulation owing
to MYC amplification on EEs (Ref. 7).
Protocol
Isolation of EEs
Our procedure is a modification of the protocol of Hirt
(Ref. 1). Briefly; 1–5×107 cells are lysed in 0.6% sodium
dodecyl sulphate (SDS)/0.01 M ethylenediamine tetraacetic
acid (EDTA; pH 7.5) for 20 minutes at room temperature.
The lysate is then brought to a final concentration of 1
M sodium chloride (NaCl) and left overnight at 4◦C. The
insoluble NaCl/SDS/genomic DNA fraction is pelleted by
centrifugation at 35 000×g for 30 minutes at 4◦C. The su-
pernatant is the so-called Hirt extract and is collected. It
contains the bulk of the EEs, but it can also contain con-
tamination with small linear fragments of genomic DNA
(Ref. 2) and apoptotic DNA fragments.
Fixation of EEs
The Hirt extract is mixed with an equal volume of freshly
prepared methanol (Fluka): acetic acid (3:1). This mixture
can be stored at 4◦C for months.
Dropping of EEs onto slides and their fixation
The following protocol allows the fixation of the EEs onto
glass slides, and it guarantees that the EEs are well-spread,
but contained within a small area. Briefly, 40 µl of fixed
EEs (Hirt extract in fixative) are dropped onto precooled
slides (20 seconds on dry ice), and the slides are immedi-
ately moved onto a slide warmer (37◦C). When almost dry,
the slides are dipped into 50% acetic acid and then dried
to completion on the slide warmer (37◦C). The area onto
which the EEs were dropped is marked with a diamond pen.
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FIGURE 1. DAPI-stained extra-
chromosomal elements (EEs) were prepared as described above. Dots represent EEs that are present in both (a) and (b). The arrow in (a) points to
contaminating genomic DNA, which has a filamentous appearance. (b) is a preparation of EEs that has no genomic contamination.
FIGURE 2. EEs isolated from COLO320DM (Ref. 8) and hybridized with MYC (b, c) (Ref. 4) or cyclin C (e, f) (Ref. 5). (a) EEs isolated from
COLO320DM and counterstained with DAPI. (b) The same EEs hybridized with digoxigenin-labeled MYC and visualized with anti-digoxigenin-fluorescein
antibody. MYC signals appear green. (c) Overlay of (a) and (b). Note that some green signals (small arrow) do not colocalize with DAPI signals in image (a),
owing to: (1) MYC antibody amplification of the hybridization signal seen in image (b); (2) different sizes of the EEs; (3) different exposure times; and (4)
background. A large arrow shows an example of colocalization of DAPI counterstain and MYC hybridization signals. Colocalized signals considered to be
authentic EEs that bear MYC sequences, appear greenish-white. (d) EEs isolated from COLO320DM and counterstained with DAPI. (e) The same EEs
hybridized with digoxigenin-labeled cyclin C, visualized with anti-digoxigenin-fluorescein antibody. Cyclin C signals would appear green if there was
hybridization. (f) Overlay of (d) and (e).
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FIGURE 3. EEs isolated from mouse ABM pre-B cells, activated with 4-hydroxytamoxifen (Research Biochemical International) (4HT) and hybridized
with DHFR (b, c), cyclin D2 (e, f). ABM is a pre-B cell line in which MYC activity can be experimentally upregulated. This cell line was created through
Abelson Leukemia virus immortalization of BALB/c bone marrow-derived B lymphocytes. (Ref. 10), subsequent transfection of an LTR-based vector
constitutively overexpressing mouse bcl-2 (Ref. 11) and stable transfection of the c-myc expression vector, pBabePuroMyc-ERTM (Ref. 12), a chimeric
protein in which human MYC is linked to a mutated estrogen receptor. The MYC portion of the chimeric protein is only functional in the presence of
4-HT. (a) EEs isolated from 4HT-activated preB cells and counterstained with DAPI. (b) The same EEs hybridized with biotin-labeled DHFR, visualized with
anti-biotin antibody, followed by anti-mouse-IgG-Texas Red. Therefore, DHFR signals appear red. (c) Overlay of (a) and (b). Note that some red signals
(small arrow) do not colocalize with DAPI signals in image (a), owing to: (1) DHFR antibody amplification of the hybridization signal seen in image (b); (2)
different sizes of the EEs; (3) different exposure times; and (4) background. A large arrow shows an example of colocalization of DAPI counterstain and
DHFR hybridization signals. Colocalized signals appear pinkish. (d) EEs isolated from 4HT-activated mouse pre-B cells and counterstained with DAPI. (e)
The same EEs hybridized with digoxigenin-labeled cyclin D2, visualized with anti-digoxigenin-fluorescein antibody. Cyclin D2 signals therefore appear green.
(f) Overlay of (d) and (e). A large arrow shows an example of colocalization of DAPI counterstain and cyclin D2 hybridization signal. Colocalized signals
appear greenish-white.
Analysis of the EEs sample under the fluorescent microscope
4′6′ diamidino-2-phenylindole (Sigma) (DAPI) is used at 1
µg/ml in phosphate-buffered saline (PBS, pH 7.0) to stain
the DNA in the EEs and any genomic DNA contaminants.
Anti-bleach (Ref. 4, 5) is added to preserve the fluorescence
of the sample and as a mount for the cover slip. Under
a 63×oil immersion objective and a UV filter, the sample
is examined using a fluorescent microscope (Zeiss). DAPI-
stained EEs are visible as distinct dots, while genomic DNA
appears as DAPI-stained fibres (Figure 1).
FISH analysis of EEs (FISH-EEs)
FISH is carried out according to previously published pro-
tocols (Ref. 4, 5, 8). Briefly: the slides are treated with
RNAse and pepsin as described for metaphase chromo-
somes and interphase described, and hybridizations are
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FIGURE 4. EEs isolated from mouse ABM pre-B cells, activated with 4-hydroxytamoxifen (Research Biochemical International) (4HT) and hybridized
with ribonucleotide reductase R1 (b, c), and ribonucleotide reductase R2 (e, f). (a) EEs isolated from 4HT-activated mouse pre-B cells and counterstained with
DAPI. (b) The same EEs hybridized with digoxigenin-labeled R1, visualized with anti-digoxigenin-fluorescein antibody. R1 signals therefore appear green. (c)
Overlay of (a) and (b). A large arrow shows an example of colocalization of DAPI counterstain and R1 hybridization signal. Colocalized signals appear
greenish-white. (d) EEs isolated from 4HT-activated mouse pre-B cells and counterstained with DAPI. (e) The same EEs hybridized with
digoxigenin-labeled R2, visualized with anti-digoxigenin-fluorescein antibody. R2 signals therefore appear green. (f) Overlay of (d) and (e). Note that some
green signals (small arrow) do not colocalize with DAPI signals in image (d), owing to: (1) R2 antibody amplification of the hybridization signal seen in
image (b); (2) different sizes of the EEs; (iii) different exposure times; and (4) background. A large arrow shows an example of colocalization of DAPI
counterstain and R2 hybridization signal. Colocalized signals appear greenish-white.
performed in 50% formamide/0.03 M sodium citrate and
0.30 M NaCl (2×SSC)/50 mM phosphate pH 7/10% dex-
tran sulfate overnight at 37◦C in a humidified incubator.
Post-hybridization washes are carried out as follows: 3×5
minutes at 42◦C in 50% formamide/2×SSC; 5×2 minutes at
room temperature in 2×SSC. Prior to the use of antibodies,
the slides are blocked in 100% serum. Anti-hapten antibod-
ies, conjugated with fluorescein (FITC) or Texas Red (TR),
are used to visualize the hapten-labeled probes. The anti-
body incubation is carried out for 30 minutes at 37◦C in a
humidified incubator. The unbound antibodies are washed
off at 42◦C in 4×SSC/0.1% Tween 20 for 3×5minutes. DAPI
(1 µg/ml in PBS for 5 minutes) is used to stain the DNA
and the slides are mounted in anti-bleach. In the exam-
ples shown in Figure 2, Figure 3 and Figure 4 we have used
the following probes: human MYC cDNA (Ref. 4, 5); hu-
man cyclin C cDNA (Ref. 5); mouse cyclin D2 genomic DNA
(Ref. 6); mouse ribonucleotide reductase R1 and R2 (R1 and
R2) cDNA (Ref. 9); all of these were labeled with digoxi-
genin. After hybridization, the annealed probe is visualized
by incubation with anti-digoxigenin -fluorescein antibody
(Boehringer Mannheim). An additional probe, a mouse
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dihydrofolate reductase (DHFR) cDNA (Ref. 4, 5), was labeled
with biotin, detected with a monoclonal mouse anti-biotin
antibody (Boehringer Mannheim), and visualized by goat
anti-mouse-IgG-Texas Red (Southern Biotechnology, Ass.,
Inc.).
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Products Used
microscope (Stemi 2000): microscope (Stemi
2000) from Leica Microscopy & Scientific Instruments
Group
microscope: microscope from Carl Zeiss
Anti-digoxigenin antibody: Anti-digoxigenin
antibody from Boehringer Mannheim
biotin: biotin from Boehringer Mannheim
goat anti-mouse-IgG-Texas: goat anti-mouse-
IgG-Texas from Southern Biotechnology
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